The role of alfalfa (Medicago sativa L.) in the development of agricultural production and intensification of forage production is due to the high potential of biomass on the one hand anti-oxidative and nutritional value on the other hand. Modern techniques have been used for analysing of organics acids. Organic acids are formed during cell respiration as products of total dissemination of carbohydrates and generally serve as starting substances for the biosynthesis of different compounds such as fatty acids and fats, amino acids, vitamins, coenzymes, pigments and other substances. Organic acids are key metabolites in plants, and their amounts depend on the intensity of cell respiration. The accumulation of some organic acids in plants is closely related to the intensity of enzymatic reactions as well as to various environmental factors. On the cellular level, the metabolism of organic acids is of high importance for several biochemical pathways, such as the cycle of tricarboxylic acids and the glyoxalate cycle. Organic acids that are synthesised in these cycles are used by plants as precursors in the biosynthesis of other organic compounds. Significant differences are found in the production of organics acids between the locations in Ovche Pole region on the one hand and Skopje and Tetovo regions on the other hand. We investigated various organic acids (citric, acetic, wine, malic and lactic acid) and the total acidity in alfalfa (Medicago sativa L.) from three different regions of the Republic of North Macedonia, in 19 different locations and three harvests. Analysis of organic acids and total acidity in alfalfa (Medicago sativa L.) collected from different locations in the Republic of North Macedonia. Adv Med Plant Res, 7(3): 68-78.
INTRODUCTION
Alfalfa (Medicago sativa L.) is a perennial leguminous fodder crop and the most important forage plant. It is one of the oldest forage plants and, because it is perennial, shows high yields with a high quality. It can regenerate rapidly and provides five to six harvests during a vegetation season. It produces high-quality fodder for all types of domestic animals (Ivanovski, 2000) .
The great interest in cultivating this species is based on its high nutritional value as well as the high fibre digestibility and content (Julier et al., 2000) . Alfalfa has a high concentration of protein (Dinic et al., 2005) with a favourable amino acid composition, resulting in a high biological value. It also contains high amounts of important vitamins, carbohydrates, saponins and mineral elements, especially calcium. In addition, important chemical elements and other active components, essential for the growth and development of animals, are present in alfalfa (Hao et al., 2008) . In this sense, alfalfa is a dominant fodder culture and an active dietary culture with high applicability in bio-nutrition (Markovic et al., to 5 years, providing four to five harvests per year. In temperate regions, alfalfa should be harvested every 4 to 6 weeks. Alfalfa plays an important role in crop rotation and provides large quantities of organic matter to the soil, thereby improving the physical, chemical and microbiological properties of the soil as well as the soil structure. As a nitrogen-fixing plant it enriches the soil with readily available nitrogen, which makes alfalfa an excellent pre-culture for numerous cereal, industrial and horticultural crops. Unlike most other fodder legumes, alfalfa is usually grown in pure monocultures, although it can be mixed with other legumes and grasses (Walton, 1983) .
In North Macedonia, this crop is grown on an area of 19,000 ha, with an average yield of 6 to 6.5 t/ha (Ilievski, 2013) .
In the metabolism of plants, organic acids are formed by the decomposition of carbohydrates, fats and proteins or of amino acids in the cycle of tricarboxylic acids, also known as the Krebs cycle, the citric acid cycle or the citrate cycle. The amount of organic acids in plants depends on the intensity of respiration. Organic acids are formed during the cell respiration in plants as products of the total dissemination of carbohydrates (Benet-Clark, 1993) . The aim of the research is to determine the presence of organic acids in the examined culture alfalfa (M. sativa L.) at the examined locations in the respective regions of the territory of the Republic of North Macedonia. Depending on the presence of organic acids, it can be determined in which location or region it is more favorable cultivation of alfalfa. The higher the production of organic acids, the more we get better cultivation of culture.
The purpose of the research is to evaluate the value of organic acids as dietary supplements to humans
MATERIALS AND METHODS

Plant material
Alfalfa material (M. sativa L.) was collected from three different regions in the territory of the Republic of North Macedonia: the Skopje region, the Ovche Pole region and the Tetovo region, from 19 different locations in three harvests in (Table 1) . The material was collected during the vegetative cycle (from June to August) in 2013. In the first, second and third harvest, plants were collected on June 15, July 17 and August 15, respectively. Analysis of organic acids was conducted on dry plant material using the neutralization method.
Procedure for carrying out the analysis
First, a certain amount of plant material was measured, depending on the amount of water it contained or the contents of the acids. We used three samples for each analysis. The sample was dried in a porcelain bowl by adding a 5 mg of quartz sand and 2 to 20 ml of distilled water, macerated to a homogeneous mixture and subsequently quantified by flushing with 50 ml of distilled water in a 250 ml measuring flask. The flask was filled with water to the Gjoroska et al. 69
measuring line, 1 ml of toluene was added to prevent boiling and the acids were extracted over 2 h with uniform mixing. Extraction of the acid fraction was accelerated by adding distilled water to the mass after transfer into the measuring flask to 2/3 of the volume; extraction was carried out in a thermostat or water bath with constant stirring for 20 to 30 min at a temperature of 68 to 70°С. Extracting with backward cooling can also be used. Subsequently, the mixture was cooled to a normal temperature (22°C), supplemented with water to the mark, and filtered or centrifuged. This resulted in a transparent, poorly opalescent extract containing dissolved acids. We transferred 25 or 50 ml of the filtrate to an Erlenmeyer flask and titrated with 0.1 N NaOH solution in the presence of phenolphthalein until the appearance of a rosy color.
Determination of total acidity
Total (general, titration) acidity was determined by neutralisation using a base solution (NaOH, KOH) at 0.1 N. Acidity was expressed as ml of 0.1 N NaOH used for titration of 100 g of dry plant material; the results were expressed as percentage of total acidity per dry matter (DM) (Kolthoff and Stenger, 1952) .
Statistical analysis
The data were analysed (XLSTAT 2014) via one-way variance analysis (ANOVA) to determine the significant differences (p < 0.05) between the mean values of the samples. Subsequently, the results were post-hoc analysed using Duncan's multiple ranking test to determine statistically significant differences in the contents of organic acids and in total acidity among the three harvests.
RESULTS AND DISCUSSION
Contents of organic acids and their total acidity in the first, second and third harvest
The results obtained from the determination of organic acids and their total acidity are presented. We investigated the organic acids acetic, citric, lactic, malic and wine acid and determined their total acidity in alfalfa (M. sativa L.) Table 2 shows that in the first harvest, higher concentrations of citric, acetic, wine and lactic acid were found in the Ovche Pole region (Obleshevo). In addition, a higher concentration of malic acid was registered at the Vrutok location in the Tetovo region, in contrast to the Skopje region (Radishani, Glumovo), where the levels of organic acids were lower.
Contents of organic acids in the first harvest
According to Table 3 , all investigated organic acids are in a strong positive correlation between themselves (for all it is valid: r = 1.000, p = 0.000 <0.05), with the exception of the malic acid. Organic acids are weak insignificant positive correlation (for all it is valid: r = 0.131, p = 0.322> 0.05) with malic acid. The amounts of (Fujita et al., 2006) . According to a previous study (Lopez-Bucio et al., 2001) , there is increasing evidence that organic acid metabolism is associated with responses to environmental stress.
Organic acids not only act as intermediates in carbon metabolism, but are also key components in mechanisms that some plants use to cope with nutrient deficiencies, metal pollution and in plant-microbe interactions at the root-soil interphase. Table 4 shows the contents of organic acids in alfalfa (M. sativa L.) in the second harvest. Based on the results in (Table 4 ), in the second harvest, the concentration of organic acids, apart from malic acid, was higher in the Skopje region (Radishani).
Contents of organic acids in the second harvest
Lower contents of all the tested acids, except for the malic acid, occur in the Tetovo region (Vrutok). Malic acid concentration was lower in the Tetovo region (Galate) and higher concentration in Ovche Pole region (Obleshevo).
From Table 5 it can be seen that all investigated organic acids are in a strong positive correlation between themselves (r=1.000, p= 0.000 <0.05), except for the malic acid. Organic acids are insignificant weak positive correlation (r = 0.072, p = 0.589> 0.05) with malic acid.
Contents of organic acids in the third harvest
The results for the third harvest are presented in (Table  6 ). Higher organic acid levels, were noted in the Karbinci location in the Ovche Pole region, while lower levels were measured in the Tetovo region (Bogovinje, Jegunovce).
From Table 7 it can be seen that all investigated organic acids are in a strong positive correlation between themselves (r = 1.000, p = 0.000 <0.05) except malic. Acid that is in a weakly significant negative correlation (r = 0.294, p = 0.024 <0.05). It follows that the malic acid is in a weak negative significant correlation with citric, acetic, wine and lactic acid. The increased or decreased content of organic acids in the above-ground or ground organisms in plants depends on the anatomicalmorphological characteristics, as well as the chemical composition of plants, which is genetically determined. Other authors have come to similar knowledge, such as the findings of Karim (2007) . Plants are exposed to many stress factors such as drought, high salinity or pathogens, which reduce the yield of cultivated plants or affect the quality of harvested products. Previous studies have found similar results (Karim, 2007) .
Total acidity in first, second and third harvest
In the first harvest, total acidity was higher in the Ovche Pole region (Obleshevo) and lower in the Skopje region 
Number Location Citric acid
Signif. differ.
Malic acid
Signif. differ. Table 7 . Partial correlation coefficients for organic acids in relation to measuring points for third harvest.
Control variables Citric acid Malic acid Acetic acid Wine acid Lactic acid Total acidity
Region Table 9 , by harvests and regions, only the total acidity in the third harvest showed a significant difference (p = 0.035 <0.05 for α = 0.01) (α is the coefficient of separation of the Duncun test) between the regions and the total acidity for all three harvests together showed a significant difference (p=0.024 <0.05 for α = 0.01) between the regions. From Table 10 , it can be seen that all investigated organic acids are in a strong positive correlation between themselves (r =1.000, p =0.000 <0.05) except malic, Acid that is in a weakly significant negative correlation (r = -0.071, p = 0.346 > 0.05). The concentration of total acidity is the result of the concentration of organic acids, which depends on several factors. The contents of organic acids and the total acidity in cultural and medicinal plants is correlated with the distance to the pollution source. At low distances, the concentrations of organic acids are generally higher.
CONCLUSIONS
Based on our results, we can draw the following conclusions:
-Organic acids are key metabolites in plants, participate in the synthesis of proteins, carbohydrates and fats and serve as photosynthetic and respiratory intermediates or as metabolic intermediates; -Based on the analysis of organic acids and of total acidity, there are significant differences among the different locations and regions within the territory of the Republic of North Macedonia.
Regarding the investigated concentrations of organic acids and their total acidity, in all three harvests and in the three regions studied, the concentration for each acid was measured individually, and it can be concluded that Table 8 . Total acidity in alfalfa (Medicago sativa L.) from the study sites in the territory of the Republic of North Macedonia in the first, second and third harvest, expressed in % (DM). the total acidity for all three harvests together showed a significant difference between the regions. All investigated organic acids have a strong positive correlation between themselves (citric, acetic, wine and lactic) with the exception of malic acid. The malic acid is in a weak, non-significant negative correlation with citric, acetic, wine and lactic acid.
The fact that plants synthesize a large number of different organic acids indicates their importance in the metabolism of plants. The amount of synthesised organic acids depends on respiration, enzymatic reactions as well as on growth and development processes, which are impacted by various environmental factors.
All this suggests that alfalfa can be reliably used as a supplement in human nutrition because of the high concentration of organic acids.
